In order to study the growth and evolution of circumstellar disks around classical Be stars, we analyze optical time-series photometry from the KELT survey with simultaneous infrared and visible spectroscopy from the APOGEE survey and BeSS database for a sample of 160 Galactic classical Be stars. The systems studied here show variability including transitions from a diskless to a disk-possessing state (and vice versa), and persistent disks that vary in strength, being replenished at either regularly or irregularly occurring intervals. We detect disk-building events (outbursts) in the light curves of 28% of our sample. Outbursts are more commonly observed in early-(57%), compared to mid-(27%) and late-type (8%) systems. A given system may show anywhere between 0 and 40 individual outbursts in its light curve, with amplitudes ranging up to ∼0.5 mag and event durations between ∼2 and 1000 days. We study how both the photometry and spectroscopy change together during active episodes of disk growth or dissipation, revealing details about the evolution of the circumstellar environment. We demonstrate that photometric activity is linked to changes in the inner disk, and show that, at least in some cases, the disk growth process is asymmetrical. Observational evidence of Be star disks both growing and clearing from the inside out is presented. The duration of disk buildup and dissipation phases are measured for 70 outbursts, and we find that the average outburst takes about twice as long to dissipate as it does to build up in optical photometry. Our analysis hints that dissipation of the inner disk occurs relatively slowly for late-type Be stars.
INTRODUCTION
Classical Be stars are rapidly rotating, non-supergiant, Btype stars that have, or have had, Balmer lines in emission in their spectrum (Jaschek & Egret 1982) . This emission is attributed to a gaseous circumstellar disk in Keplerian orbit. The disk is formed from material ejected from the star, some of which diffuses outwards. Very rapid stellar rotation significantly lowers the gravitational barrier, but an additional mechanism is required to launch material into orbit (Rivinius et al. 2013) . Classical Be stars as a class are pulsators, and there is growing evidence that suggests pulsation plays a key role in the mass-loss mechanism Kee et al. 2014; Rivinius et al. 2016; Baade et al. 2016) .
Discrete mass-loss events are a hallmark of classical Be stars, and are sometimes called 'flickers' when they occur on short timescales (<50 days; Keller et al. 2002) , and are otherwise referred to as 'outbursts' (e.g. Grundstrom et al. 2011; Rivinius et al. 1998) . We make no distinction based on the duration, and refer to all such events as 'outbursts.' The signature of an outburst is seen in spectroscopy as a sudden enhancement of emission features, and typically manifests photometrically as a rapid brightening of the system (although, for systems viewed nearly edge-on, outbursts cause a net dimming). These events trace the outflow of material into the circumstellar environment. Once ejected, the material is then governed mainly by gravity and viscosity. The viscous decretion disk (VDD; Lee et al. 1991; Carciofi 2011 ) model is currently the best framework by which to understand the behavior of these disks once they are formed. Recently ejected material orbits the star, circularizing and diffusing outward through viscous forces and orbital phase mixing. Simultaneously, a majority of the ejected mass falls back onto the star. This matter that falls back supplies the outflowing matter the required angular momentum that allows it to attain progressively wider orbits (Kroll & Hanuschik 1997; Haubois et al. 2012) . Line-driven ablation also potentially contributes to disk dissipation (Kee et al. 2016 ).
This work is focused on studying the outbursts of classical Be stars. We aim to gain a better understanding of how the cir-cumstellar environment evolves as disks grow and dissipate, and also to understand the general outburst properties of this sample of Galactic Be stars. We do this by analyzing optical light curves, and infrared and optical spectroscopy. From light curve analysis, we measure when outbursts occur, the associated timescales, and their photometric amplitudes. Light curves trace the growth and subsequent dissipation of the inner disk. Hydrogen emission features originating in the circumstellar environment indicate whether or not the star currently possesses a disk. The relative abundance of emitting material can be inferred from the strength of the emission features, and the shape of the line profile traces how the material is distributed in velocity. Near-contemporaneous optical and infrared spectra help us to better understand the radial structure of the disk, since different lines are generally formed at different physical locations in the disk. Monitoring the evolution of these observables reveals information about how the disk is formed and how it evolves over time.
In Sections 2 and 3 we introduce the surveys, telescopes, and instruments that supply the spectroscopic and photometric data, and describe how the data are analyzed. Section 4 describes the different regions of the disk probed by these observables. Results are presented in Section 5, beginning with a detailed analysis of four individual systems, and concluding with a more global view of outbursts in the sample. The conclusion follows (Section 6). Finally, an appendix highlights additional interesting systems.
SPECTROSCOPIC DATA AND ANALYSIS
Throughout this work, we use spectroscopy from different telescopes and instruments, and for different purposes. Here we describe the origin of our spectroscopic data, and the methods by which they are analyzed.
The Apache Point Observatory Galactic Evolution
Experiment survey The Apache Point Observatory Galactic Evolution Experiment (APOGEE) employs a 300 fiber spectroscopic instrument characterized by high resolution (R ∼ 22,500), high signal-to-noise ratio (S/N >100), and H-band near-infrared (NIR) coverage (1.51 -1.70 µm; Majewski et al. 2015; Wilson et al. 2010 ). The instrument is attached to the Sloan Digital Sky Survey 2.5 m telescope (Gunn et al. 2006) . APOGEE-I, a program in the Sloan Digital Sky Survey III (SDSS-III; Eisenstein et al. 2011) , has observed 238 classical Be stars, 128 of which are new discoveries (Chojnowski et al. 2015) . The APOGEE Be (ABE) sample includes other types of Btype, emission-line stars (namely, Herbig Ae/Be and B[e] objects), which are not discussed here. We limit our discussion in this paper to only the classical Be stars, hereafter referred to as "Be stars." The APOGEE data presented here is from the twelfth data release of SDSS-III (Alam et al. 2015) .
Disk emission features typically have two peaks on either side of the line center, one being blue-shifted (the violet peak), and the other red-shifted (the red peak). These peaks encode information about the kinematic properties of the emitting disk material. The velocity separations of the violet and red emission peaks were measured interactively (visually) for all Be star spectra with well-defined Brackett (Br) series line profiles. In interpreting the profiles of the H-Br lines, the models of optically thin lines from Hummel & Dachs (1992) were largely relied on. In the case of Be stars with Keplerian disks, measuring the peak separations for optically thin lines gives a lower limit to twice the projected rotational velocity (2 v sin i) of the stars (Hummel 1994) . For systems with double-peaked line profiles, the systemic radial velocities (RVs) were estimated by measuring the position of both the violet and red peaks, and then taking the average of the two peaks as the line center. This was done for each H-Br line in a given spectrum, and the individual H-Br RVs were averaged to get a single RV for each spectrum. In addition, the equivalent width (EW; defined to be positive in absorption and negative in emission) of the Br11 line (W Br11 ) was measured via direct summation of a 100 Å window centered on Br11, with typical errors of ∼0.32 Å. All of these measurements and more detailed explanations of the methods used are provided in Chojnowski et al. (2017) , including both star-averaged and individual spectrum quantities. In this paper, we focus mainly on the Br11 line (centered at 16811 Å), since it tends to be the strongest in the series, but similar trends are seen in the other Br lines.
2.2. APO + ARCES Due to a large fraction of the ABE star sample lacking spectral type information in the literature, we obtained highresolution optical spectra of stars of interest using the Apache Point Observatory (APO) 3.5m telescope and the Astrophysical Research Consortium Echelle spectrograph (ARCES; Wang et al. 2003) . In each exposure, the ARCES instrument covers the full optical spectrum (3,500-10,000 Å) at a resolution of R ∼ 31,500, recording the light in 107 orders on a 2048x2048 SITe CCD. We used standard echelle data reduction techniques in IRAF 1 , including bias subtraction, scattered light and cosmic-ray removal, flat-field correction, and wavelength calibration via thorium-argon lamp exposures. The orders were then continuum normalized, trimmed so as to allow a 10 Å overlap between orders, and merged into a single onedimensional spectrum. Exposure times were estimated with the goal of achieving an S/N of at least 50 at 4500 Å. The OB spectral atlas of Walborn & Fitzpatrick (1990) provides an appropriate set of standard stars to which ARCES spectra were compared visually.
2.3. AO long-slit spectrograph A number of our stars were also targeted using a lowresolution long-slit spectrograph at Adams Observatory (AO), Austin College. We used a grating with 1200 grooves per millimeter that disperses the light to 0.54 Å per pixel in the wavelength range 3850 -4950 Å. The slit size is matched to a two pixel width, and the resolution (λ/∆λ) varies between 3000 -4500 across the spectrum. Data reduction procedures were written in Python, and are explained in depth in Whelan & Baker (2017) .
The Be Star Spectra (BeSS) database
The BeSS database 2 is a catalog that not only attempts to include all known Be stars, but also contains spectra for about half of the Be stars listed therein (Neiner et al. 2005) . Dozens of observers, both professional and amateur, have collectively submitted over 100,000 spectra to the BeSS database. These data come from a large variety of telescopes and instruments, and are therefore of inhomogeneous quality, depending on the expertise of the observer and the equipment used. However, each spectrum is subject to a quality check for format and scientific validity by the BeSS administrators before being incorporated into the database. Although any wavelength regime is allowed, optical spectra are by far the most common type of submission. When available, we consider spectra from the BeSS database in our analysis. In particular, we focus on the Hα line, which is a popular observable of Be stars, and is covered in a majority of BeSS spectra. This informs us about the status of these disks at different epochs.
2.5. Optical spectroscopy and estimating spectral type Whenever possible, we incorporate optical spectroscopy into our analysis. This allows us to estimate spectral types and to monitor the status of the disk at different epochs and at different wavelengths. This is especially informative when the H-band spectra, optical spectra, and photometry have overlapping epochs.
With the exception of B and Be stars hotter than B1, for which the presence and strength of He ii λ 4685 and the ratios of Si iii/Si iv are used for spectral typing, spectral classification of the majority of B and Be stars relies on the relative strengths of the He i lines versus those of Mg ii λ 4481 and Si ii λ 4128-4130. For instance, the relative strengths of the He i λ 4471 Å and Mg ii λ 4481 Å lines offer a relatively good proxy for temperature, although rotation is known to play a role in interpreting their relative strengths (e.g., Gray & Corbally 2009 , and references therein). Luminosity class is largely determined by the widths of the hydrogen Balmer and metallic absorption lines. Spectral classifications of stars are historically done by comparison to a set of spectra of known spectroscopic standard stars. Morgan & Keenan (1973) , for example, provides one of the most complete sets of spectroscopic standard stars. A number of complications arise when assigning spectral classifications to Be stars. They are very rapidly rotating and therefore have broad spectral features. This introduces difficulties, especially since rapid rotation can alter the relative depths of lines with different intrinsic widths (Gray & Corbally 2009 ). Rapid rotation adds further complications besides line broadening. Be stars bulge outward near the equator (due to their rapid rotation) and therefore have a substantially higher surface gravity and temperature at the poles compared to the equatorial region. The inclination angle of the star then influences perceived line strengths. Line damping is yet another issue adding to the difficulty of classifying Be star spectral types. This effect arises from the filling in of absorption lines due to flux from the circumstellar disk, making the absorption lines appear weaker than they actually are. Furthermore, photospheric lines can have significant contributions from the disk, in addition to the continuum line damping. As the amount of material in the disk is often varying, so too do these effects change over time.
Because of these difficulties, spectral types for Be stars must be considered carefully. All stars for which we present new spectral classifications with temperature hotter than B1 have clear He ii λ 4685 absorption line detection, as well as luminosity-sensitive lines like O ii. We expect our new classifications to be accurate to within ±0.5 in temperature class for stars earlier than B2, thanks in part to features such as the Si iii lines at 4552, 4567, and 4571 Å. For stars later than B2, an uncertainty of ±1 in spectral type is typical, but some cases (e.g. shell stars) have larger uncertainties of ±2. These uncertainties are appropriate for the newly reported spectral types presented here, but it is also prudent to apply similar levels of caution to spectral types reported in the literature for Be stars, especially when these are done in any sort of automated way.
Considering the uncertainties in the reported spectral types, it is useful to adopt coarse bins in stellar temperature. For stars that have not yet been spectral typed in this work, a designation from the literature is adopted. Following the convention of Labadie-Bartz et al. (2017, hereafter "LB17") , we consider "early-type" Be stars as those with spectral types earlier than B4, "mid-type" Be stars have spectral types including B4, B5, and B6, and "late-type" Be stars have spectral types including B7 and later. Stars without a specific spectral type (e.g. a spectral type of "Be") are considered "unclassified." Despite the difficulties in assigning a specific temperature class to Be stars, they are still reliably cast into these "early-," "mid-," and "late-type" designations (although we can only be certain of this for stars newly spectral typed in this work).
PHOTOMETRIC DATA AND ANALYSIS
The Kilodegree Extremely Little Telescope (KELT) is a photometric exoplanet transit survey using two small-aperture (42 mm) wide-field (26
• ) telescopes, with a northern location at Winer Observatory in Arizona in the United States, and a southern location at the South African Astronomical Observatory near Sutherland, South Africa. The KELT survey covers over 70% of the sky, obtaining photometric precision of ∼1% for ∼4.4 million objects in the magnitude range of 7 < V < 13 with baselines of up to 10 years.
The effective passband that KELT uses is roughly equivalent to a broad R-band filter. KELT light curves use JD (TT) as the time system. The long baseline combined with a typical cadence of 30 minutes and high photometric precision makes the KELT dataset a valuable resource for studying variable stars across a range of timescales and magnitudes. This is particularly true for Be stars, which are variable on timescales from hours to decades. See LB17 for more information about the utility of KELT light curves for studying Be stars, and Pepper et al. (2007 Pepper et al. ( , 2012 for more details about the KELT survey.
The large pixel scale of KELT (∼23 ) can result in multiple objects casting light onto the aperture used to extract a light curve for a given target, especially in crowded fields in the Galactic plane. This can have two different effects. One is that contaminating sources may broadcast a signal that is then expressed in the light curve of the target object, despite this signal having no origin in the target. The other is that contaminating light from nearby sources will act to dampen genuine signals that originate in the target. Despite being in or near the Galactic plane, the majority of our targets (including all of those discussed in detail) are significantly brighter than any nearby neighbors. Also, the photometric signature of outbursts is not easily imitated by impostors. We make the assumption that the outbursts we detect are attributed to the Be star target in all cases. All stars in this sample are confirmed to be within the range of spectral types where the Be phenomenon is found, and are confirmed to have emission consistent with classical Be stars (seen in their APOGEE spectra). The exception are the 'quiescent' systems (labeled like "ABE-Q01"), which are previously known Be stars that show no signs of emission in their APOGEE spectra. This is not to say that these quiescent systems are not Be stars, but just that they do not happen to have a detectable disk at the times they were visited by APOGEE. The main consequence of the large pixel scale of KELT is the dilution of the amplitude of the Be star variability, caused by the presence of nearby (and typically much fainter) sources. Inspection of the sky in the vicinity of each of our targets reveals that this contamination is a minor issue in the large majority of cases. The most severe consequence of this might be the suppression of outburst amplitudes to the point of non-detection, but this is a realistic scenario in only a small number of particularly contaminated sources. Although it is difficult to exactly quantify the degree of dilution, this effect is small in practice, since nearly all of the active, outbursting Be stars in this sample are only marginally blended. In other words, we assume that all detected outbursts are attributed to the target Be star, and that the photometric amplitudes are only minimally suppressed.
The catalog of ABE stars was cross-matched to the KELT catalog, and 171 Be stars were found to exist in both data sets. However, five of these light curves have saturation effects that can greatly complicate the analysis, and an additional six have been found to not be classical Be stars (Chojnowski et al. 2017) . Our sample then consists of 160 Be stars, all of which have KELT light curves and multiple APOGEE spectra, with about half also having optical spectra. Of these, 120 are observed by KELT-North, 33 are observed by KELTSouth, and 7 are observed by both KELT-North and KELTSouth (the joint field J06). These light curves are available for download in machine-readable format in the .tar.gz package
Outbursts are a common feature in the light curves of Be stars and are typically characterized by a monotonic increase in the brightness of the system (the 'rising phase,' where the disk grows), followed by a decay back toward baseline (the 'falling phase,' where the disk dissipates). Rivinius et al. (1998) and Huat et al. (2009) refer to these as the 'outburst' and 'relaxation' phases. In our terminology, these two distinct phases comprise a single outburst. In shell Be stars (which are simply Be stars viewed nearly equator-on), this trend is reversed, and an outburst begins with a fading of the system, followed by a return toward baseline. This reversal is solely a consequence of the inclination angle (Haubois et al. 2012; Sigut & Patel 2013) . At low to intermediate inclination angles, the presence of a disk increases the brightness of the system. At high inclination angles (nearly equator-on), a disk will cause the net brightness of the system to decrease, as stellar flux in the optical is both absorbed and scattered out of our line of sight (Haubois et al. 2014) . At an inclination angle of ∼ 70
• , there is effectively no net change in the optical continuum flux during an outburst, as the disk absorbs and scatters approximately the same amount of flux that it emits along our line of sight (Haubois et al. 2012) .
Light curves for all stars in this sample were inspected visually for the presence of outbursts, which are identified by their morphology. The number of discrete outburst events for each object is tallied whenever tractable, and is used to calculate the rate at which outbursts occur for a given system (outbursts per year). We also measure the duration of the initial rising phase and the subsequent falling phase, as well as the photometric amplitude of the event, by a close visual inspection of the light curve. This can only be done for 'well-behaved' outbursts that are sufficiently sampled by KELT observations. It is sometimes unclear exactly when an outburst starts, reaches peak brightness, and ends. We account for this by including uncertainties, which again are measured visually. Figure 1 shows how a typical outburst appears in a KELT light curve. The duration of the rising and falling phases are shown, and the amplitude is clear. The error bars represent the uncertainty in the timing and amplitude. These uncertainties vary from event to event, but the average values are about 4 and 7 days for the duration of the rising and falling phases, respectively, and about 0.015 mag in amplitude. Figure 1 . A typical outburst, as seen in photometry for the star ABE-105. The rising phase begins at JD=2456964 ± 3, and continues to rise up to a maximum brightness at JD=2456979 ± 2, 15 days later. Then, the falling phase ensues, lasting 33 days until JD=2457010 ± 5. The system brightens by a maximum of 0.246 ± 0.013 magnitudes. The green points and error bars represent the adopted values and uncertainties in these measurements.
FORMATION LOCI OF OBSERVABLES
Throughout this work, we deal mainly with three different observables -visible continuum photometry (KELT), the Brackett series in the NIR (APOGEE), and visible spectroscopy (mainly the Hα line; ARCES, AO, and BeSS). These three observables are sensitive to different parts of a Be star disk. This idea, and relevant model predictions, is presented and discussed in Carciofi (2011) , which serves as a useful reference for estimating the disk regions probed by the observables used in this work. KELT photometry primarily probes the inner ∼1-2 R * of the disk, as measured out from the stellar equator. The NIR Br11 line probes the disk at larger radii, out to ∼2-6 R * (Chojnowski et al. 2015) . Hα traces an even larger area of the disk, out to ∼5-15 R * (Rivinius et al. 2013 ), or greater. Slettebak et al. (1992) find that Hα emission arises in the range of 7-19 R * , on average. Observations of Be stars at longer wavelengths (e.g. millimeter or radio) reveal disks that extend out to many tens or hundreds of stellar radii (e.g. Klement et al. 2017) . These more extended regions of the disk are largely inaccessible to the modes of observation used in this work. The exact extent that our observables probe depends on many factors, including the stellar flux, inclination angle, and the distribution of material in the disk (which varies with time). Despite these complications, it remains generally true that the KELT, Br11, and Hα observations probe what we refer to as the "inner," "mid," and "outer" disk areas. We stress that these regions are not rigidly defined, as applied in this work. However, they are useful constructs when considering different types of data taken at similar times for a given system. This scheme is qualitatively illustrated in Figure 2 .
For all non-shell systems with both optical and NIR spectra, there is a greater separation between the violet and red peaks in the Br11 line compared to Hα. Multiple factors contribute to this. When part of a disk is optically thick in some line (which is not uncommon for Hα), non-coherent scattering broadening can act to decrease the peak separation (Hummel 1994) . This effect influences both the peak separation and the emission-line profile. The orbital velocity of particles in the disk decreases with distance, so emission originating at larger disk radii will also contribute to a smaller peak separation.
Variability in the disk tends to occur most rapidly in the innermost regions, with timescales increasing with radius. In part because Hα probes a much greater area of the disk relative to the other observables, the Hα line often exhibits the most dramatic disk signatures, with emission features sometimes exceeding 10 times the continuum level.
K E L T B r 1 1 H α Figure 2 . Simplified schematic view of a Be star with a flared disk. The approximate extent of the regions from which our three main observables arise are marked.
RESULTS
First, we discuss a few specific systems where spectroscopic observations coincide with photometric outbursts, revealing information about these episodes through their variability. Additional illustrative examples are included in the appendix. We then look at the general properties of outbursts across the entire sample.
Individual systems
There are four systems (ABE-098, -138, -A01, and -026) for which we provide a detailed analysis. For these stars, multiple APOGEE spectra are collected immediately before, during, or shortly after an outburst as seen in the KELT data, giving us snapshots of the circumstellar environment, with additional context provided by the light curves. Multiple archival spectra covering the Hα line are available from the BeSS database for ABE-138, -A01, and -026, giving us even more information about the changing circumstellar environment over a long baseline. Considering the different preferential formation loci of the various observables (as discussed in §4), a picture emerges of the disk both growing and dissipating from the inside outward. ABE-098 has a spectral type of B5V (this work, from an ARCES spectrum). This is a system with two APOGEE spectra taken prior to the onset of a photometric outburst and one spectrum taken just following the falling phase. Figure 3 shows the KELT light curve in the top panel, with a zoomin on the region surrounding the outburst shown in the panel below. Downward-pointing triangles indicate epochs of the three APOGEE spectra, and the corresponding Br11 lines are shown in the bottom panel. These spectra bracket the outburst nicely, giving us information about the circumstellar environment both before the rising phase and after the falling phase. The first spectrum has W Br11 = 3.64 Å, and does not show obvious double-peaked emission at JD 0 = 2456195. There is a slight bump just to the violet side of the absorption core, which may be caused by noise, pulsation, or some circumstellar material, but there is no substantial Br11-emitting disk at this time. The next spectrum (JD 0 + 32 days) also shows no evidence of a disk. There is then a four-day observing gap, followed by a photometric outburst. At the epoch of the third spectrum, JD 0 + 60 days, the Br11 line shows a very clear disk signature, with W Br11 = 2.10 Å (and ∆v p = 304 km s −1 ). At this point, the brightness of the system in the KELT passband has relaxed back to baseline. 
Br11
Figure 3. Top: full KELT light curve (black), with red points showing the data after applying a low-pass filter. Middle: zoom-in of an outburst. The red lines show the nightly median. Bottom: APOGEE spectra, showing the Br11 line. Triangles in the upper two panels indicate epochs of APOGEE observations. We estimate a rising time of 6 ± 2 days, a falling time of 14 ± 4 days, and an amplitude of 0.14 ± 0.018 mag for this outburst.
This sequence demonstrates that photometric outbursts correspond to the injection of stellar material into the circumstellar environment, some of which settles into a disk. It also provides evidence for the 'inside-out' clearing of Be star disks that is predicted by the VDD model. Since the brightness of the system in the KELT bandpass has returned to baseline (within observational errors) by the epoch of the final spectrum, there is no substantial inner disk at this time (otherwise there would be some photometric excess). Yet, the emission feature unambiguously shows the presence of a disk. Since the Br11 line probes the disk out to greater radii than does the KELT optical continuum photometry, the evidence for a disk in the Br11 line and absence of a photometric excess in KELT data implies that the inner-most region of the disk is sparse, while some farther out Br11-emitting material remains. The Br11 emission in the final spectrum shows a violet-to-red peak (V/R) ratio that is slightly less than unity, suggesting some asymmetry in the disk. This may indicate that the circumstellar material has not yet been thoroughly mixed.
Put simply, prior to the outburst, there is no disk. During the rising phase, the inner disk grows. The falling phase shows the inner disk dissipating. During the falling phase, some amount of material has migrated radially outward and is seen in the Br11 emission feature.
ABE-138 (= V1448 Aql = HD 180126)
Similar to the previous example, this Be star has multiple spectra in the vicinity of an outburst. Photometry shows an outburst with a short two-day rising phase, which is sampled by APOGEE spectra at the onset of the rising phase, and at peak brightness. These spectra give us a glimpse into the changes in the circumstellar environment that accompany the rising phase of this outburst.
Stellar parameters for ABE-138 are described by Frémat et al. (2006) , who found T eff = 20,000 ± 1,500 K, log g = 3.80 ± 0.10 (c.g.s), v sin i = 243 ± 20 km s −1 , an inclination angle between 39
• and 60
• , and a spectral type of B2 IV (nothing in our AO spectrum suggests that this estimate is inaccurate). The full KELT light curve is shown in the upper panel of Figure 4 , with downward-pointing triangles indicating the epochs of the four APOGEE observations, which occur in two groupings. Upward-pointing triangles indicate epochs of Hα measurements from BeSS spectra. In the next panel, a portion of the light curve that includes the outburst near JD-2450000 = 6540 is shown. This baseline also includes four APOGEE and three BeSS spectra. In the next row, the left (right) panel shows the Br11 lines from the first (second) grouping of APOGEE spectra, with the difference spectra plotted in the row below. The bottom panels show the Hα line from 13 BeSS spectra, spanning about 10 years, and with emission that varies in strength and sometimes disappears completely. Multiple outbursts are apparent in the light curve, and three of the four APOGEE spectra, and 8 out of the 13 BeSS spectra, show emission. This is a classical Be star at an intermediate inclination angle, with mass-loss episodes that are irregularly spaced and of varying amplitudes, and a disk that appears and disappears, and varies in strength.
The first group of APOGEE spectra (at JD 0 = 2456465, and JD 0 + 7 days) shows clear double-peaked Br11 emission, indicating the presence of a disk at these epochs. There is no obvious photometric excess at this time. It is possible that the Br11-emitting disk can be traced back to a recent outburst which may have occurred some time during the observing gap between JD-2450000 = 6440 -6450. The photometry immediately after this gap shows a slight brightness enhancement before returning to baseline, possibly suggesting the tail end of an outburst. The majority of the change in W Br11 is likely due to continuum normalization issues (particularly on the red side of the line), but the decreasing emission in the line core, and the change in the V/R ratio (from V/R > 1 to V/R ≈ 1) is most likely real. The mean peak separation in these two measurements is 369 km s −1 . The second grouping of spectra is valuable, as both are collected during the rising phase of an outburst. The first of these, taken at JD 0 + 72 days, shows only a very weak disk signature with W Br11 = 2.70 Å. Two days later, at the peak brightness of the outburst (JD 0 + 74 days), there is clearly emission, and W Br11 = 1.99 Å. Using the values for W Br11 and magnitude at the times of the final two spectra, we calculate ∆W Br11 /∆t = -0.36 Å d −1 , and ∆mag/∆t = -0.04 mag d −1 . It is possible that the strength of the Br11 emission in the final spectrum is somewhat suppressed due to line damping.
The circumstellar environment probed by the Br11 line is highly asymmetric at the epoch of the final APOGEE spectrum, with 84.3% (15.7%) of the enhancement between the final two APOGEE spectra originating from the violet (red) side. Rapid cyclic variations in the ratio of the strength of the violet and red peaks (V/R) are seen in other classical Be stars during outbursts (e.g. µ Cen; Rivinius et al. 1998) , which can be explained if the outflow of material is not axisymmetric. The so-calledŠtefl frequencies are sometimes detected during outburst events and are interpreted as tracing large-scale gas-ircularization (e.g. Štefl et al. 2000; Baade et al. 2016) . Through shearing and viscosity, a non-axisymmetric outflow will evolve toward a symmetric disk over time, according to the VDD model.
From the eight Hα measurements with well-defined emission peaks, we measure the peak separation and find the mean value for ∆v p = 297 km s −1 , with a standard deviation of 66 km s −1 . This is lower than the mean peak separation of the Br11 line, where ∆v p = 369 km s −1 . Relative to Br11, the smaller peak separation for Hα is likely caused by Hα-emitting material at larger radii, having a relatively slow orbital velocity. Non-coherent scattering broadening may also play a role if a portion of the disk is optically thick to the Hα line at the epoch of any BeSS observations. One Hα spectrum is made bold in Figure 4 . With an epoch of JD-2450000 = 6535, this spectrum is taken just four days prior to the third APOGEE spectrum. It is clear that a typical disk signature is seen in Hα at this epoch, but only a very weak (if any) disk signature exists in the Br11 line four days later. This is naturally explained by the VDD model, which predicts Be star disks both growing, and dissipating, from the inside outward. Between the first and third APOGEE spectra, the "inner" to "mid" disk has dissipated (to the point of non-detection in KELT and APOGEE data), but the "outer" disk remains largely intact, as evidenced by the three Hα double-lined emission profiles observed in this time span (at JD-2450000 = 6484, 6510, and 6534). The "outer" disk also eventually dissipates, as there is no sign of Hα emission at JD-2450000 = 7617.
ABE-A01 (= MWC 5 = BD+61 39)
Like the previous example of ABE-138, APOGEE observed ABE-A01 during the rising phase of an outburst. Morgan et al. (1953) assign this star a spectral type of B0.5IV (nothing in our AO spectrum suggests this is inaccurate). Figure 5 shows the full KELT light curve, a zoomed-in view of the outburst and the epochs of APOGEE observations, the Br11 line profile of the three APOGEE spectra and their differences, and five Hα spectra from the BeSS database. In all spectra, from both APOGEE and BeSS, we infer the presence of a disk, even when spectra are taken near photometric minimum (e.g. Hα at JD-2450000 = 6611 and 6997).
As the rising phase of the first outburst progresses and the system becomes brighter, there is a growing amount of emitting material, as evidenced by the increasingly negative values for the Br11 line EW (W Br11 = -3.61, -5.13, and -6.37 Å, in chronological order). The central depression partially fills in, and the line profile edge becomes less sharp. The bulk of the increasing emission arises in the wings of the line profile. The growing emission wings can be attributed primarily to electron scattering. As the density in the inner disk rises, an increase in the electron scattering of line photons causes the emission wings to grow, an effect that becomes stronger as the amount of circumstellar material (and free electrons) increases. The rising brightness in the light curve likewise indicates a growing inner disk.
A decrease in peak separation (∆v p = 128, 130, and 108 km s −1 , in chronological order) is seen in the final Br11 line. This may be explained in part by the outer edge of the Br11- emitting disk moving out to larger radii, where material is orbiting at lower velocities. Also, as the disk builds up and becomes more dense, an increase in the optical thickness in the Br11 line may act to decrease the peak separation through non-coherent scattering of line photons. Because the strength of the Br11 line is measured relative to the local continuum flux, an increase in the continuum level will serve to suppress the apparent strength of the line emission. Because of this, it is likely that the Br11 line is increasing in absolute strength more dramatically than it is increasing in its strength relative to the continuum flux (which is what is plotted in Figure 5 ). Regardless of this effect, the increase in the emission wings still indicates a growing inner disk.
By taking the difference between spectra (lower-left panel of Figure 5 ), we can more clearly see how the Br11 emissionline profile is changing. Beyond highlighting the growth of the wings, the difference spectra allow us to compare the contributions from the red and violet halves of the line profile. Considering the difference between the second and first spectra, 57.7% of the enhancement in W Br11 comes from the violet half of the line, and 42.3% from the red half. In the difference between the third and first spectra, 46.3% of the W Br11 enhancement comes from the violet half of the line, and 53.7% from the red half. Between the third and second spectra, 32.0% of the W Br11 enhancement comes from the violet half, and 68.0% from the red half. Asymmetry in the changes of the Br11 line implies asymmetries in the disk as it grows during this rising phase. There are six discrete high-amplitude outbursts in the KELT light curve (see the top panel of Figure 5 ), but not all of these are sampled fully. The beginning of the rising phase is missing for the first, third, and fifth outbursts, and the final outburst is only observed during part of the initial rising phase. There is also other variability interspersed, with shorter timescales and lower amplitudes. These six major outbursts occur with some regularity, although they are not strictly periodic, varying somewhat in their amplitude and morphology. Their similarities in shape and timing are apparent when the light curve is phased to a period of 91.23 days, as shown in Figure 6 .
Prompted by the interesting show of repeating outbursts, the photometric data for ABE-A01 were subjected to a frequency analysis, in order to search for signals with periods shorter than three days. This upper limit on the periodic signals of interest was chosen based on the typical pulsational periods of Be stars, and the timescales associated with Be star rotation and Keplerian orbits in the region of the circumstellar environment in which KELT photometry is sensitive to (Rivinius et al. 2013 ). This process requires first removing the high-amplitude variability on longer timescales (including the six major outbursts), which dominate the light curve. In the same manner employed in Rivinius et al. (2016) , a Fourier-based high-pass filter was applied to the photometry, iteratively identifying and removing low-frequency sinusoidal signals. This process results in a detrended light curve with all long-term trends removed, suitable for recovering signals with periods less than three days. The entire detrended light curve was analyzed for periodic signals with a generalized Lomb-Scargle (LS) periodogram (Press et al. 1992; Zechmeister & Kürster 2009) , as implemented in the Vartools light curve analysis package (Hartman 2012) .
The results of this analysis are shown in Figure 7 . The top panel shows the LS periodogram (black curve) out to a frequency of 10 day −1 . Higher frequencies were probed as well (up to 500 day −1 ), but the periodogram is featureless beyond 10 day −1 . A single strong signal is detected at f 1 = 0.53073 day −1 . The other obvious peaks are aliases of this signal, caused mostly by the observing pattern of KELT (daily, monthly, and yearly aliases). The red curve shows the periodogram after pre-whitening against f 1 . The middle panel shows the periodogram in the immediate vicinity of f 1 (left), and the light curve phased to the corresponding period (right). The bottom panel highlights the pre-whitened periodogram, in the same frequency range as the above plot, and identifies the top peak (of the pre-whitened periodogram) in this region.
Six separate and unique portions of the light curve, corresponding to the six major individual outbursts, were analyzed in this manner as well. This was done mainly to study f 1 over time. In each portion of the light curve, f 1 is recovered at the same frequency (to within ∼0.2%). This signal remains coherent (i.e. experiences no shift in phase) throughout the observational baseline and does not appear to significantly vary in amplitude. The photometric signal does not appear to be double-or triple-waved when phased to two or three times the recovered period.
All of the observed features of f 1 are consistent with stellar pulsation. The frequency is within the range where pulsation in Be stars is expected, and is similar to the pulsations of the class of slowly pulsating B stars, of which Be stars have been conjectured to be a rapidly rotating and more complicated sub-class of (Aerts et al. 2006; Kurtz et al. 2015) . The photometric amplitude is high (20.1 mmag), but not unusually so (Balona 1995) , especially since pulsation amplitudes tend to be larger in early-type Be stars (Rivinius et al. 2013) , which is the case with ABE-A01 (B0.5IVe). The fact that this signal persists throughout the entire observational baseline and remains coherent in phase is also consistent with pulsation.
So-calledŠtefl frequencies are sometimes detected in the light curves of Be stars. These signals are caused by asymmetries in the circumstellar material orbiting the star, which can modulate the net observed flux (and also line profiles; Štefl et al. 1998, 2000) . The period of theŠtefl frequencies is determined by the orbital period close to the star, and can be of a similar timescale as the periodic signal recovered in ABE-A01. However, there are a number of reasons to doubt this as the cause for f 1 .Štefl frequencies are only found in conjunction with pulsational signals of similar, but slightly higher, frequencies (e.g. Štefl et al. 1998; Baade et al. 2016) . There is only one significant frequency in the light curve of ABE-A01. Stefl frequencies have so far only been detected in photometry for Be stars that have high inclination angles, since a photometric signal only manifests when the density enhancements are projected against the stellar disk (e.g. Baade et al. 2016) . ABE-A01 is at a low inclination angle. The fact that the signal is coherent (in phase and amplitude) over the entire observational baseline is an argument against the signal being aŠtefl frequency, which are typically transient on timescales much longer than the orbital period in the inner regions of the disk, although exceptions are possible (e.g. η Cen; Rivinius et al. 2003) . We therefore attribute f 1 to pulsation.
It has been proposed that combinations of multiple pulsation modes can interact to control the 'clock' that dictates the time-variable mass-loss rates of Be stars Kee et al. 2014 ). Such 'combination frequencies' are the preferred explanation for the low-frequency variability seen in the Be star η Cen . Kurtz et al. (2015) argue that nonlinear mode coupling can give rise to combination frequencies in Be stars that have higher amplitudes than the parent frequencies. In this framework, the difference between two pulsation modes can be referred to as the 'difference frequency' (∆ f = | f 1 -f 2 |, where f 1 and f 2 are the frequencies of two pulsation modes). This ∆ f then describes the approximate frequency of the outbursts themselves.
We apply this idea to ABE-A01. Because the outbursts are approximately evenly spaced, we can measure their period (91.23 days) and therefore the frequency with which they occur (0.01096 day −1 ), which we suppose is the difference frequency. We then have ∆ f = 0.01096 day −1 , and f 1 = 0.53073 day −1 . We are motivated to search for a second pulsation mode, which should occur with a frequency f 2 = f 1 ± ∆ f . The two solutions for f 2 are 0.51977 day −1 and 0.54169 day −1 . The bottom panel in Figure 7 shows our attempt to search for the signature of a second pulsation mode, f 2 . This panel shows the pre-whitened periodogram, with the position of f 1 indicated by a vertical dashed line, and our predictions for possible expected values of f 2 marked by vertical dotted lines. After pre-whitening against f 1 , there are no peaks with substantial power. However, there is a weak peak near one of the frequencies expected for f 2 (see the bottom panel in Figure 7) . Although it is possible that this signal is astrophysical and represents a pulsation mode in the star, this can neither be confirmed nor ruled out with the available data. It should be noted that ABE-A01 is viewed at a low inclination angle, which can cause certain non-radial pulsation modes to have a very low photometric amplitude, due to azimuthal averaging. The lack of additional strong peaks (besides f 1 ) in the periodogram computed from the KELT light curve therefore does not imply that the star oscillates in only one mode. Figure 7 . Frequency analysis for ABE-A01, after removal of low-frequency variability. In each LS periodogram (top and left two panels), the black curve shows the periodogram, and the red curve shows the periodogram after prewhitening against the top peak ( f 1 ). Top: LS periodogram between 0.3 and 10 day −1 . Middle: zoomed-in view of the top peak (left) and the light curve phased to this period (right). The gray '+' signs show the KELT data, larger black circles show the data median-binned (with 25 bins in phase), and the red curve is a sinusoidal fit to the median-binned data. Bottom: zoomed-in view of the periodogram in the vicinity of f 1 after pre-whitening against f 1 (the position of which is shown as a vertical dashed line). The two dotted lines show the positions where we might expect to see another peak, if in fact the outbursts in this system are modulated by a delta frequency. The photometry is then phased to the strongest peak that exists in the vicinity of these two predicted frequencies. It is unclear if this peak is caused by genuine astrophysical variability, or is just a spurious peak caused by noise in the data and/or the sampling rates of KELT.
Among all of the stars in this sample, ABE-026 has perhaps the most dramatic outburst. Viewed nearly edge-on, this is an excellent example of a shell star, where the growth of a disk causes the system to appear fainter, and also results in deep shell absorption in the hydrogen lines. Figure 8 shows the KELT light curve, 12 APOGEE spectra taken over 382 days, and 10 Hα spectra from BeSS, with a baseline of nearly 3000 days. The first four years of KELT data show little variability, and the first BeSS spectrum (at JD-2450000 = 4890) shows a broad absorption line with no evidence of emission or shell absorption. At the very end of the fourth season in the KELT light curve (approximately JD-2450000 = 5280), the system begins to rapidly dim, indicating the onset of an outburst. A spectrum from BeSS was serendipitously taken during this rising phase 3 at JD-2450000 = 5273, showing a deep absorption core and broad emission wings, with a large peak separation, indicative of a high-density inner disk and a small Hα-emitting region, both facts consistent with a forming disk. As the long falling phase of this outburst ensues, the brightness of the system relaxes toward baseline, and the Hα line continues to evolve. The emission wings evolve toward a smaller peak separation, suggesting that the size of the Hα-emitting region continues to grow outwards. Although an increasing optical depth can also cause ∆v p to shrink, we do not expect this to be a major contributing factor since the disk is dissipating (becoming more diffuse), and not building up. The final season of KELT data shows the system back at its baseline brightness. A weak disk in Hα is present at JD-2450000 = 7327, but has disappeared by JD-2450000 = 3 Although the system is dimming, we still refer to this as the rising phase of the outburst, since the disk is growing.
7411. The disk has completed its life cycle in these observational modes, persisting for between 2047 and 2131 days.
It is likely that in addition to the major disk buildup phase near JD-3450000 = 5280, some relatively minor outbursts take place before the disk has completely dissipated in photometry and in Hα. There is enhanced light curve activity near JD-2450000 = 5500-5700, and 6700, perhaps signifying further mass loss. The enhancement in the high-velocity wings of Hα at JD-2450000 = 7088 points to the addition of some new disk material between JD-2450000 = 6997-7088.
ABE-026 was visited 12 times by APOGEE over a 382 day span during the falling phase of the outburst. The Br11 line of each spectrum shows a deep, narrow, absorption core, with roughly symmetric emission wings. The difference between the final and the initial spectrum is shown in the lower-left panel of Figure 8 . The absorption core becomes deeper, and the emission wings enhanced, as the falling phase of the outburst progresses. There is an obvious increase in the optical continuum flux during this spectroscopic sequence, and it is possible that the NIR continuum flux in the vicinity of the Br11 line is likewise changing. Therefore, variability in the Br11 line profile relative to the local continuum should be treated with caution. Part of the reason this outburst has such a long falling time in its light curve is that we are not simply seeing some effect of the inner disk, which is generally the case for non-shell Be stars. Rather, we are mainly seeing the effect of stellar continuum photons being absorbed and scattered out of our line of sight by the intervening gas. So, even after the inner disk has dissipated, we still see a flux decrement because the outer disk continues to partially obscure the star.
After the disk life cycle shown in Figure 8 , this system experiences another episode of disk growth and dissipation. Although we have no photometric data covering this second cycle at present, the KELT survey is ongoing, and further data reduction will likely reveal at least some of this event. Hα measurements from BeSS show the system evolving from a diskless state at JD-2450000 = 7411, to having a shell profile with emission wings at JD-2450000 = 7648. A third spectrum (ARCES; JD-2450000 = 7795) shows no disk signature in Hα. This sequence of three spectra spans 384 days, which is the maximum lifespan of the disk in this episode. This is much shorter than the ∼2100 day lifespan of disk created by the the first outburst. 
Global outburst properties

Outburst rates and photometric amplitudes
We detect one or more outbursts in 28% of our sample, being more often seen in early-type Be stars (57%), compared to mid (27%) and late types (8%). See Table 1 for more details. These fractions are similar to the incidence rates of Be star light curves showing outbursts in LB17 (51%, 20%, and 5% of early, mid, and late types, respectively), where a larger sample of 510 Be stars was studied with KELT light curves. There are 32 Be stars among the 160 analyzed in this work that also exist in the LB17 sample. These results reflect the trend of earlier Be stars being more variable in general, while later-type systems tend to have more stable disks that last for longer times (e.g. Hubert & Floquet 1998; Rivinius et al. 2013 ). This may be because early-type Be stars are intrinsically more prone to mass-loss episodes, or it could be that the observational signature of outbursts in Be stars of later spectral types is often too small to be detected with KELT. Evidence for the latter of these points is emerging, in that cooler Be stars create disks with surface densities that are too low to leave an obvious observational signature in the visible continuum flux (Vieira et al. 2017 ). The observables used in this paper are generally formed within the inner ∼20 R * of the disk. The lack of any disk signature in optical photometry, or in the Br11 or Hα lines does not mean that no disk exists, as there may be material farther out than the region in which a given observable is sensitive to.
For systems with one or more outbursts, the outburst rates (outbursts per year) are calculated in the same fashion as in LB17, by dividing the total number of detected outbursts in a given system by its observational baseline, less the seasonal gaps, and are shown in Figure 10 . Some systems show outbursts, but have complex light curves where the total number of outbursts is not clear. These are not included in Figure 10 (since the discrete number of outbursts cannot be counted), but are included in the fractions shown in Table 1 (because they do show at least one outburst). Because outbursts are more commonly observed in early-type stars, these dominate Figure 10 . There is a wide spread in the outburst rates across the sample, with many systems showing zero or a small number of outbursts, while others experience tens of outbursts throughout their observational baseline. The median and mean of this distribution is 1.9 and 3.3 outbursts year −1 , respectively. For any given system, an outburst with a larger amplitude generally corresponds to a larger mass ejection episode. With this in mind, it is not necessarily the case that stars with high outburst rates have proportionally higher mass-loss rates, since a single large outburst can eject more material than many small outbursts. Table 3 includes the number of outbursts for each system.
There are 70 outbursts that are reasonably well-defined in our light curve data, where we measure the photometric amplitude. The distribution of these amplitudes, in the approximately broad R-band filter employed by KELT, is shown in Figure 11 . It should be kept in mind that outburst amplitude depends strongly on inclination angle, which is not taken into account here. Half a magnitude is an approximate upper limit on the amplitude of Galactic Be star variability in the KELT passband (see also LB17). Table 2 in the appendix includes information for each outburst that was measured.
Correlations between falling and rising times
Whenever possible, the photometric amplitude and duration of the rising and falling phases are measured for an outburst captured in KELT photometry. These three quantities can only be measured for outbursts that are reasonably welldefined, and are thoroughly sampled in the light curve data, such as the example in Figure 1 . There are 24 objects with such events (18 early, 4 mid, and 2 late types), from which we measure 70 outbursts in total. Figure 12 shows the correlation between rising time and falling time for 70 well-behaved outbursts lasting 300 days or less. Although longer outbursts are seen in a few cases, they are relatively rare and have large uncertainties. Considering events shorter than 300 days allows us to focus on outbursts of roughly comparable magnitude. The dashed line has a slope of 1. The majority of points fall above this line, having longer falling, compared to rising, times, and those that do not are close (within measurement uncertainties). The median rising time is 8.3 days, and the median falling time is 16.0 days. The median of the ratios of falling time to rising time for this collection is ∼2. A bestfit line to each group has a slope of 1.97, 1.88, and 6.54 for early-, mid-, and late-type stars. This fit takes into account measurement uncertainties by assigning each point a weight proportional to one over the square of the error (in both the x-and y-directions). Although the sample size is too small to draw any definite conclusions and there is significant scatter, these results suggest that, for a single event, relative to the rising time, the inner disk dissipates quickly for hotter stars (early and mid types), and more slowly for cooler late-type systems.
The observed trend of the rising time being shorter than dissipation is a prediction of the VDD model. During disk buildup, the photometric variability is governed mainly by the timescales of matter redistribution over the inner disk, while during dissipation (i.e. when mass injection into the disk has significantly slowed or stopped), the inner disk is instead fed by matter re-accreting back from the entire disk, with naturally longer timescales. When an outburst occurs, the falling phase will proceed more slowly if there is a preexisting disk. This 'mass reservoir effect' means that the dissipation timescales depend not only on the outburst being considered, but also on the previous history of mass injection into the disk (Ghoreyshi & Carciofi 2017 ). This effect is stronger when the disk is more massive. Lacking sufficient knowledge of the mass-injection history of the disks in this sample, we make no attempt to correct for this effect, and report the values measured from the photometric data with no regard to whether or not a disk already exists prior to the outburst.
Nevertheless, there are a few systems with spectroscopic data showing the lack of a pre-existing disk immediately before the time of outburst, meaning that there is essentially no mass reservoir effect acting in these cases. ABE-098 (B5V), as discussed in Section 5.1.1 has no Br11-emitting disk immediately before the outburst that occurs near JD-2450000 = 6230, which has a ratio of falling to rising time of about 2.7. ABE-154 and -162 both have a spectral type of B8, and each experiences an outburst that is preceded by an APOGEE spectrum that shows no substantial Br11-emitting disk. So, for these events, we expect no interference from the mass reservoir effect. The outburst in ABE-162 has a ratio of falling to rising time of about 2.7. While the outburst that is bracketed by APOGEE spectra in ABE-154 is not fully sampled, the falling phase is many times (perhaps up to 10 times) longer than the rising phase. We have no knowledge of the status of the disk in the vicinity of the other outbursts in ABE-154, but they have similarly long falling, relative to rising, phases, and a similar baseline brightness. These two stars (ABE-154 and -162) are responsible for all six of the late-type outbursts depicted in Figure 12 . Even though this sample size is small and the scatter large, the relatively large slope of the fit to falling over rising time for late-type outbursts is likely not heavily influenced by the mass reservoir effect.
The aforementioned late-type systems stand in stark contrast to the early-type systems that dominate Figure 12 . The majority of early-type stars with measured outbursts have substantial disks at all observed epochs, particularly ABE-164 (B0Ve, three measured outbursts), -184 (B1Ve, 15 measured outbursts), -A01 (B0.5IVe, five measured outbursts), -A03 (B1Ve, five measured outbursts), and -A26 (B1 II/IIIe, 18 measured outbursts). Plots for these can be found in the Appendix (except for ABE-A01, discussed in Section 5.1.3). Together, these five systems contribute 46 of the 56 measured outbursts for early-type systems. These systems exhibit some of the strongest spectroscopic disk signatures among the sample. Although the strength of these features varies over time, they never approach a diskless state. All of the observed outbursts for these systems then occur while there is presumably already a substantial disk. Therefore, we expect the mass reservoir effect to 'interfere,' lengthening the time over which the photometric dissipation phase takes place. Without a preexisting disk, it is reasonable to assume that a single typical outburst in an early-type star would have a smaller ratio of falling to rising time compared to the best-fit slope of 1.97 measured in this sample, seen in Figure 12 .
Regularly repeating outbursts
There are five systems in our sample that show repeating outbursts, similar to ABE-A01 (see Section 5.1.3). These are shown in Figure 13 , where the left column displays the full KELT light curve, and the right column plots the data phased to the period that best describes the timing of the outbursts. Although these events repeat, they are not strictly periodic. Instead, there are sometimes variations in the timing, amplitude, and shape of the outbursts. Cycles may be skipped, and additional outbursts sometimes occur, apparently at random. A total of 35 Be stars with repeating outbursts are identified Table 2 contains the information used to make this plot.
in LB17. There is some overlap between the present sample and that used in LB17. Both ABE-A01 and -A03 were identified as having repeating outbursts in LB17. Future work is planned to analyze the stellar properties and photometric behavior of all systems having repeating outbursts for which we have sufficient data, with a focus on links between pulsation and outbursts. However, a detailed analysis of these systems is beyond the scope of this work.
CONCLUSION AND FURTHER WORK
We have analyzed optical light curves for 160 classical Be stars to study the disk creation process, and to monitor the evolution and demise of these disks once formed. These discrete episodes of disk creation leave a generally consistent imprint on a light curve, rising from baseline to a peak brightness, then falling back toward baseline on a relatively longer timescale. The frequency of occurrence, amplitude, and associated timescales can vary greatly, not only from one star to the next, but also for any given system. In most cases, outbursts occur with no discernible pattern. However, there are some systems that experience outbursts that repeat at a nearly regular rate and with similar amplitudes. ABE-A01 is one such example, with four others shown in Figure 13 . In this sample, we find 44 stars (28%) to have at least one outburst detected in their KELT light curve. On average, the duration of the falling phase is about twice that of the rising phase for early-and mid-type stars, and larger for late-type stars (see Figure 12 ). Amplitudes up to ∼0.5 mag (in a wide ∼ R-band filter) are seen (Figure 11) . A higher degree of photometric variability is seen in early-type stars, which are more likely to have at least one detectable outburst compared to their cooler counterparts (Table 1) .
KELT light curves are generally sensitive to only the innermost region of Be star disks, giving us clues as to how the circumstellar environment closest to the star changes. By including time-series spectroscopy of the hydrogen Brackett series from the NIR APOGEE survey, and Hα spectra from the BeSS database, we have many 'snapshots' of the circumstellar environment. This allows us to unambiguously infer the presence of a disk, and also to measure its strength, projected velocity profile, and any asymmetries. By leveraging spectra taken during active outburst phases, we showed that the circumstellar environment can be quite asymmetric during disk growth (ABE-138, -A01). The material settles into a more axisymmetric configuration over time, according to the predictions of the VDD model. Another advantage of combining optical photometry and the Br11 and Hα lines is that these observables probe different regions of the disk. Instances where these different observational modes are measured near-contemporaneously show evidence of the Be star disk both growing and also dissipating from the inside outward, in agreement with theoretical expectations. The Be stars in this sample experience outbursts that occur over a wide range of timescales -days (e.g. ABE-138), weeks (e.g. ABE-098), months (e.g. ABE-A01), and years (e.g. ABE-026; and ABE-082, -160 in the Appendix for nonshell stars). Other works have similarly observed apparent outbursts over a large range in time. Analysis of Kepler data has shown aperiodic Be star variability with amplitudes below 10 mmag and timescales of days to weeks, which may indicate small-scale outbursts (Balona et al. 2015; Rivinius et al. 2016 ). On the other hand, some Be stars experience outbursts with timescales of many hundreds or thousands of days and greater. These longer outbursts can leave a qualitatively different light curve signature, where the rising phase is followed by a plateau in brightness. This plateau can persist for thousands of days, and even up to decades, so long as the diskfeeding mechanism remains active. In this scenario, the inner disk continues to be fed by mass ejected from the star, but at some point becomes saturated, and the addition of new material does not increase its brightness. These "more complete" disk-building events are modeled in Haubois et al. (2012) , and are observed in some Be stars (e.g. ω CMa; Ghoreyshi & Carciofi 2017) . Be stars lose mass in episodes of vastly varying intensity and duration. With this in mind, the outbursts explored in this work address only part of the story of Be star mass loss.
Future work is planned to analyze the periodic variability in the light curves of the Be stars in this sample, searching for signs of pulsation, binarity, and other signals. Relationships, or lack thereof, between the periodic behavior and the outburst behavior of these systems will be explored. We also aim to measure the amplitude and the rising and falling times of outbursts in a much larger sample of Be stars for which we have KELT light curves, in the same manner employed in this work. The present sample of 70 outbursts from 24 individual Be stars described here is an early step toward understanding correlations between outburst rising and falling timescales, amplitudes, and stellar spectral types. Improving on and extending these methods to a significantly larger sample will allow for more quantitative statements regarding the distribution of outburst properties and their dependence on stellar spectral type. Figure 13 . Plots for the five systems that show regularly repeating outbursts. Left: raw light curve (black) with binned data in red. Right: Light curve phased to the period that best describes the pattern of outbursts in the raw data. The larger black circles show the data median-binned with 25 bins in phase, and the red curve is a three-term Fourier fit, to guide the eye. The downward-pointing triangles in the plots of the raw light curves correspond to the ephemerides of the outbursts (i.e. if these outbursts were strictly periodic, each triangle would mark the peak of an event). ABE-186 (middle row) is a shell star (Chojnowski et al. 2015) , where outbursts cause a dimming. For this reason, the triangles point upwards.
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APPENDIX ADDITIONAL EXAMPLES OF OUTBURSTS WITH COINCIDENT SPECTRA
Here we highlight some interesting cases, where simultaneous photometry and spectroscopy reveal changes in the star + disk system. This selection shows diversity in light curve and emission-line variability, demonstrating episodes of disk growth and creation, inside-out disk clearing, and outwardly migrating disks. Table 2 provides information for the 70 well-defined outbursts where the rising and falling times, and the photometric amplitudes are measured. Each of these is an event where the brightness of the system increases first, then falls back to baseline. This is partly because systems with low to intermediate inclination angles (i 70
• ) are more common than those with higher inclination angles, and also because outbursts that cause a net brightening tend to be more well-defined in the KELT data compared to their inverted counterparts. Table 2 includes the date of the beginning and end of each rising and falling phase, and the baseline and peak brightness associated with each outburst event (in the KELT passband). Table 3 includes each object in this sample, reporting the ABE-ID, a common identifier, V-band magnitude, a spectral type, the corresponding reference, the T e f f class (early, mid, late, or unclassified), number of APOGEE visits, the KELT field, the first and last dates of KELT observations, and the number of detected outbursts. Spectral type references of "New" indicate that an object was discovered to be a Be star through inspection of APOGEE spectra, and is announced in Chojnowski et al. (2015) . These systems have neither an available literature spectral type nor has an optical spectrum been acquired with APO-ARCES or the AO long-slit spectrograph.
ABE-027
A photometric outburst with an unusual morphology occurs near JD -2450000 = 5600. A slow rising phase is followed by a much shorter falling phase, but the system beings to brighten again before the falling phase is complete. A gap in coverage prevents a better understanding of this event. In the season following the outburst, there is a very slight photometric excess, and Br11 shows a clear disk (Figure 14) . A second grouping of APOGEE spectra, taken ∼300 days after the first group, shows no sign of emission, and there is no longer any detectable photometric excess.
ABE-082
The large photometric amplitude and long falling timescale apparent in the light curve of ABE-082 imply that a large amount of mass is ejected in this outburst, although the rising phase occurs during a gap in coverage (see Figure 15) . The first grouping of three APOGEE spectra have an average W Br11 = −6.50 Å and an average Br11 ∆v p = 273.2 km s −1 . The second grouping of six spectra, taken about a year later, shows much stronger emission with an average W Br11 = −12.05 Å, and a lower peak separation, with the average Br11 ∆v p = 239.1 km s −1 . The diminished peak separation from the first to the second group of spectra indicates that the preferential formation radius has increased, and that the disk is dissipating. This is corroborated by the decreasing +382 (6265) Br11 Figure 14 . Same as Figure 3 , but for star ABE-027.
visible continuum flux in the KELT light curve. It is perhaps unexpected that the strength of the Br11 line appears to increase as the disk is dissipating. Because the strength of the emission line is measured here relative to the local continuum, the apparent increase in strength is best explained not by an absolute increase in the amount of Br11 line emission, but rather by a decrease in the strength of the local continuum. This example demonstrates the need for caution when interpreting relative line strengths for systems with significant continuum variability.
ABE-154
This system has six detected photometric outbursts, one of which is bracketed by APOGEE spectra, as seen in Figure 16 . Prior to the outburst, there is no sign of a disk. The Br11 line ∼200 days after the outburst shows a clear disk signature, and there is no photometric excess. Although the coverage of the falling phase of this outburst is incomplete, it is clearly many times longer than the rising phase. This is the case with all observed outbursts in this late-type star.
ABE-160
This system has one large photometric outburst (reaching peak brightness near JD-2450000 = 6400), as well as a few smaller ones (see Figure 17) . Spectra taken during the falling phase of the major outburst show a clear disk signature. The emission strength relative to the local continuum decreases slightly during the 27 day APOGEE baseline.
ABE-162
Similar to ABE-154, there is a clear outburst in photometry seen in this late-type star. A spectrum taken prior to the outburst shows no sign of a disk in Br11, while spectra taken after the outburst do indicate the presence of a disk, even after the system has returned to its baseline brightness (see Figure 18) . 
ABE-164
This early-type system is very active in photometry, spending virtually no time in a photometrically quiescent state. Fifteen Hα measurements from BeSS span 5563 days, and all show the presence of a disk, which varies significantly in 
Br11
Figure 18. Same as Figure 3 , but for star strength. The Hα EW spans an order of magnitude, ranging between −1.24 and −23.53. The line strength reaches to over four times the continuum level. Three Br11 measurements all show a strong disk signature (see Figure 19 ). ABE-167 Four BeSS spectra from between JD-2450000 = 2658 -6024 show no sign of a disk. Some activity in the KELT light curve begins near JD-245000 = 6250, with sparse photometric coverage prior to this point. As the system becomes slightly brighter, the Br11 line shows variability, indicating activity in the circumstellar environment. By JD-2450000 = 6715, the brightness is markedly above baseline and Hα is clearly in emission. This system appears to grow a disk from many closely spaced low-amplitude mass-loss events, rather than from a singular well-defined event (see Figure 20) . The BeSS spectrum taken at JD-2450000 = 6682 is of low resolution, but does indicate the presence of emitting material. The final two BeSS spectra show clear double-peaked Hα emission. A significant change in the V/R ratio is apparent between the second to last BeSS spectrum (JD-2450000 = 6715) having V/R ≈ 1, and the final BeSS spectrum (JD-2450000 = 6718) showing clear asymmetry, with V/R > 1. With just three days between these two spectra, the rapid change in the V/R ratio likely has its origins in an asymmetrical inner disk that is still in the process of circularizing. This hypothesis is supported by the relatively high photometric state near these epochs (implying a relatively dense inner disk), as well as the high level of photometric activity (implying active episodes of mass loss).
ABE-176
There are two groupings of APOGEE spectra, both with simultaneous photometry. During the first grouping, the double-peaked emission increases in strength, seemingly associated with increased photometric activity. The disk has subsequently dissipated by the beginning of the second grouping, as the next four spectra (at JD 0 +295, +349, +351, and +352 days) show no disk. The final two spectra are preceded by a photometric outburst and clearly show the presence of a disk (see Figure 21 ). Figure 21 . Same as Figure 3 , but for star ABE-176. The feature at the violet peak of the emission lines plotted in the bottom-left panel is a detector artifact and is not astrophysical.
ABE-184
This system is highly active in photometry and is often in an outbursting state. A clear disk is present in all spectroscopic epochs, varying in strength. There is appreciable RV variation, which is especially apparent in the first three spectra (see Figure 22) . One of the most RV-variable objects in the APOGEE Be star sample, this is identified as a possible binary in Chojnowski et al. (2017) . 
ABE-187
The light curve of this system lacks well-defined outbursts, but there is stochastic variability that persists throughout the entire observational baseline. All 10 APOGEE spectra show a clear disk, as does the single low-resolution spectrum from BeSS. The Br11 line is variable, but within a well-defined "envelope." The lack of variability in the Br11 envelope implies that no significant changes in the inner disk occur. A strong C i 16895 feature is present in all APOGEE spectra. The very large peak separation, relative to the Br11 line, indicates that it is formed in the circumstellar environment close to the star. This seems to suggest that there is not a large gap between the star and disk, possibly indicating that the disk is fed nearly continuously (see Figure 23 ).
ABE-A03
This system has remarkably strong and persistent singlepeaked Hα emission (see Figure 24) . The Br11 line is also strong, with an interesting profile showing a strong violet enhancement at all epochs. The line changes little over the 58 day APOGEE baseline, despite the presence of an outburst about 15 days prior to the final spectrum. The light curve shows gradual dimming over the three KELT seasons, with many outbursts interspersed. 
ABE-A26
A high level of activity is obvious in the light curve of this system (see Figure 25 ). Many high-amplitude outbursts occur in rapid succession. This is viewed at a very low inclination angle, as all spectra show single-peaked emission profiles.
The disk is remarkably strong compared to other systems in this sample, with the Br11 emission peak reaching to nearly four times the continuum, and Hα reaching a peak around 10 times the continuum level. Table 2 Information about the rising and falling times and amplitudes, and their uncertainties, for 70 well-defined and sufficiently sampled outbursts for 24 stars. The values reported for the baseline and maximum brightness are in units of KELT instrumental magnitude, after subtraction of a constant offset (in order to approximate V-band magnitudes). Table 3 References.
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